ABSTRACT: Data from pure breeds, as well as reciprocal crosses of German Angus (GA) and Simmental (SIM) beef cattle, were used to estimate genetic parameters and to evaluate the suitability for crossbreeding in terms of increasing productivity. Traits of interest were calving difficulty, birth weight (BWT), weaning weight (WWT), and ADG from birth to weaning. Data were collected over a period of 7 yr from 1997 and 1998 until 2003 and 2004, whereas crossbreeding was carried out in 2002 and 2003, and 2003 and 2004 only. Variance components and differences between breeds, individual heterosis, and maternal breed effects were analyzed based on 1,441 purebred and 329 crossbred records for BWT and 1,319 purebred and 316 crossbred records for WWT and ADG, respectively. Mean calving difficulty scores were greater in SIM than in GA (P < 0.001). For BWT, WWT, and ADG both reciprocal crosses fell between the purebreds, and for all 3 traits SIM showed greater average values compared with GA. The estimated heritabilities were 0.23 for BWT and 0.12 for WWT. Values for the maternal effect and the correlation between additive and maternal effect were 0.18 for BWT, 0.08 for WWT, 0.32 for BWT, and 0.50 for WWT, respectively. Individual heterosis was only significant for BWT (3.7%; P < 0.01). Superior mothering ability of SIM was implicated by greater WWT and ADG of SIM as dam against the reciprocal cross (P < 0.001). The results provide information about the extent of individual heterosis and maternal breed effects.
INTRODUCTION
Crossbreeding is widely used to improve productivity of beef cattle. Desirable effects of crossbreeding are heterosis and the utilization of differences between breeds to optimize genetic merit of performance traits under various environmental conditions (Gregory and Cundiff, 1980; Koch et al., 1985) . Knowledge of genetic parameters and differences between breeds are necessary to evaluate the suitability of breeds for crossbreeding and to assess which of the breeds should be used as sire and dam, respectively.
Through organized crossbreeding programs it is possible to combine positive traits of different breeds to fulfill market requirements (Gregory and Cundiff, 1980) . Some sire breeds are superior in growth and carcass traits and some dam breeds excel in efficiency of reproduction and calf rearing when used for crossbreeding (Alenda et al., 1980b; Koch et al., 1985; Kress and Nelsen, 1988; Abdel-Aziz et al., 2003) . Additionally, maternal heterosis can be generated in multibreed crossings. A widely used practice is the application of F 1 crosses as dams in combination with a third breed as sires (Johnston et al., 1988) . Advantages of using F 1 crosses as dams are described in previous studies (Mason, 1966; Cundiff, 1970; Long, 1980) .
The objectives of the present study were 1) to use straightbred data of the 2 beef breeds German Angus (GA) and Simmental (SIM) as a basis to calculate genetic parameters for estimation of breeding values and 2) to evaluate the suitability of the 2 breeds for crossbreeding in terms of increasing productivity. Up to now, direct comparisons of breeds used in this study are not available. The German Angus breed is a mixture of Aberdeen Angus bulls crossed with German dualpurpose breeds, including old Black Pied, Red Pied, Gelbvieh, and Braunvieh, which was developed in the 1950s. The SIM in this study can be seen as a representative sample of a dual-purpose breed in Southern Germany and Austria developed from the original SIM from Switzerland.
MATERIALS AND METHODS
All procedures were in accordance with the guidelines set by the Care Committee of the state of Hessen, Germany, based on the German Law of Animal Protection.
Animals were located at the Experimental Farm of the Department of Animal Breeding and Genetics of the University of Giessen in Rudlos, Germany. Average daily temperature and annual rainfall were 7.5°C and 500 mm, respectively. Purebred GA and SIM heifers used to initiate the study were purchased from commercial farms. The herd started with 150 heifers of each breed born between 1994 and 1996. For all heifers and sires pedigree information (sire and dam) was available. Because heifers of both breeds were purchased from all over Germany, they can be seen as a good sample of the 2 populations. In the first period, only 5 sires of each breed were used, which cannot be seen as a random sample of the 2 populations.
During winter months, animals were housed in a barn and fed a diet based on corn and grass silage. From April and May to October and November, animals grazed on pastures in groups (mixed breeds) of around 30 dams.
In the first breeding cycle, heifers were synchronized and bred by AI before the pasture period. In the following cycles, natural mating was used. The breeding period began at the start of the pasture period and lasted for about 4 mo. From 1997 From and 1998 From until 2001 From and 2002 From animals were purebred, whereas in 2002 From and 2003 From , and 2003 From and 2004 both breeds were reciprocally crossed and only one-third of the herd was purebred to produce replacement stock. The number of dams and calves born by year of birth and breed are presented in Table 1 . Open females were culled each year.
For pure breeding 9 sires of GA and 8 sires of SIM were used. The number of calves per sire varied from 14 to 144. For the reciprocal crosses 5 sires of GA (11 to 41 crossbred calves per sire) and 7 sires of SIM (16 to 52 crossbred calves per sire) were used. Mean calving months were February and March. Calves were weaned at an average age of approximately 220 d.
Traits studied were calving difficulty, birth weight (BWT), weaning weight (WWT), and ADG from birth to weaning. Calving difficulty was evaluated using the following scores: 1 = no difficulty, 2 = slight difficulty, 3 = moderate difficulty, and 4 = caesarean birth. Because of the small number of observations for some scores, the scale was reduced to 2 scores, using chisquared test procedures, calves born with scores 2 to 4, and those without difficulty (score 1). In total, 1,713 births were evaluated regarding calving difficulty. For all animals BWT and WWT were recorded within 24 h after birth and at weaning, respectively. The ADG from birth to weaning was calculated as (WWT − BWT)/ age at weaning. Means and SD by breed and data set are summarized in Table 2 .
For the analysis of the fixed effects for BWT, WWT, and ADG the MIXED procedure (SAS Institute Inc., Cary, NC) was used for the period from 1997 to 1998 until 2001 and 2002 and for 2002 and 2003, and 2003 and 2004 separately. Breed, sex of calf, birth type (single or twin), year, and number of calving were used as fixed effects in the model. Because of confounding with year and the number of calving for the first data set, the latter effect was replaced by age of dam as a linear and quadratic covariate in the model. In the second data set, there was no confounding between these 2 effects. Additionally, the interaction between breed and sex was tested. In all models, sire nested within breed was included as a random effect. In the data from 2002 and 2003 to 2003 and 2004, twins were excluded from the analysis because of very small numbers. As a covariate for WWT, age at weaning was included in the model as a linear regression. A summary of effects used in the different models is given in Table 4 .
Variance components were only estimated for BWT and WWT in a multivariate model using the program Genetic and crossbreeding parameters for preweaning traits VCE6 version 6.0.2. by Neumaier and Groeneveld (1998) . With ADG in a multivariate model no convergence was reached, and even a univariate model for ADG with additive, maternal, and permanent maternal effects did not reach convergence. For BWT (n = 1,284) and WWT (n = 1,181), only purebred data from 1998 to 2002 were analyzed with the following model:
where y ijklmn is the trait, μ the overall mean, B i the fixed breed effect (i = 1, 2), BT j the fixed type of birth effect (j = 1, 2), S k the fixed sex of calf effect (k = 1, 2), Y l the fixed year effect (l = 1,…, 5), damage the linear and quadratic effect of age of dam in months, a the random animal effect, d the random maternal effect, and e ijklmn the random residual effect. For WWT, the permanent maternal effect was also included in the model. For BWT, this effect was fixed to 0 during the analysis to get a positive definite matrix, so it was omitted from the model. For WWT, age at weaning was added as a covariate in the model. For the estimation of crossbreeding parameters, only the years 2003 to 2004 were used. Differences between breeds, individual heterosis, and maternal breed effects were estimated for the production traits according to Dickerson (1969 Dickerson ( , 1973 using the ESTIMATE statement in the MIXED procedure. Stillbirths and twins were not included in this analysis. Thus, 463 records of BWT and 431 records of WWT and ADG were analyzed.
RESULTS
For the combined data from 1997 and 1998 to 2001 and 2002, and 2002 and 2003 to 2003 and 2004 , the difference between breed groups was significant for calving difficulty (chi-squared test, P < 0.001; Table  3 ). The cows with crossbred calves showed a decreased frequency of calving difficulties compared with those with purebreds. The SIM with purebred calves had the greatest percentage of calving difficulties with 12%.
The significance of fixed effects and covariates on BWT, WWT, and ADG for the 2 data sets are summarized in Table 4 . The traits BWT, WWT, and preweaning ADG from 1997 and 1998 and 2002 , and 2002 and 2004 were significantly (P < 0.001) influenced by breed and sex of calf (Table 4) . Birth type also showed a highly significant effect (P < 0.001) on all traits analyzed. An interaction between breed and sex of calf existed for BWT, WWT, and ADG (P < 0.05, P < 0.001, and P < 0.001, respectively). As expected, both covariates (BWT and age at weaning) show highly significant effects on WWT (P < 0.001). Year had a highly significant effect on BWT, WWT, and ADG.
Least squares means for BWT, WWT, and ADG by breed and data set are shown in Tables 5 and 6 . As expected, the SIM calves had 8 kg greater BWT, 23 kg greater WWT, and 69 g/d greater ADG than the GA calves. The sex differences within breed were 2.2 and 3.3 kg greater for BWT for male calves in GA and SIM, respectively. At weaning there was a difference between male and female calves of 20 kg for GA and 31 kg for SIM calves. As a consequence, the difference in ADG Table 2 . Number of animals (n), means, and SD (in parentheses) for birth weight (BWT), weaning weight (WWT), and ADG from birth to weaning by year and breed Table 5 .
Heritabilities, maternal effects, and genetic correlations for BWT and WWT are summarized in Table  7 . For BWT, a moderate heritability of 23% was estimated, whereas the estimate of heritability decreased to 12% for WWT. Values for maternal effects were 18% for BWT and only 8% for WWT. For WWT, an additional 15% of the variance was due to the permanent maternal effect (SE of this estimate was 0.05). Additive genetic and maternal effects were positively correlated for both traits, with 0.32 and 0.50 for BWT and WWT, respectively. The additive genetic correlation between BWT and WWT was slightly positive. All SE of estimated correlations were large.
The estimated crossbred parameters are shown in Table 8 . Estimates for individual heterosis were only significant for BWT (P < 0.01), whereas estimates for WWT and ADG were low and not significant. Simmental as a dam breed showed an advantage against the reciprocal cross, but this effect was significant only for WWT and ADG.
DISCUSSION
Calving difficulty was less in GA compared with SIM. This is in agreement with earlier studies (Reynolds et al., 1990; Gregory et al., 1991; Gregory, 1996, 2001) , where a small advantage of GA over SIM was described. In general, GA and SIM breeds do not exhibit calving difficulty (Gregory et al., 1991; Phocas and Laloë, 2003) . However, in the present study, as well as in the studies of Gregory et al. (1991) and Gregory (1996, 2001) , crossbreds showed a tendency toward less calving difficulty compared with purebreds.
In the present study, the effects of year and number of calving (or age of dam), especially for data from Linear and quadratic; age of dam was expressed in months. ***P < 0.001, *P < 0.05, NS = not significant, -= not included in the model. Least squares means for sex within breed with differing superscripts differ (P < 0.05).
Genetic and crossbreeding parameters for preweaning traits 1997 and 1998 to 2001 and 2002, were confounded, so significant effects of year on BWT, WWT, and ADG may have been overestimated. The ranking of breed groups, with crossbreds falling between purebreds, and of sex of calf within breed groups, with males heavier and faster growing than female calves, is in agreement with previous results (Alenda et al., 1980a; Márquez et al., 2001; Abdel-Aziz et al., 2003) . Red Poll and SIM crosses, each bred to Hereford dams, exceeded GA and Pinzgauer crosses by 1.3 kg for BWT, whereas WWT and ADG were only 6.8 kg and 7 g/d, respectively, less in GA crosses compared with SIM crosses (Reynolds et al., 1990) . In this study, the crossbreds with SIM dams showed 22.2 kg greater WWT and 89 g/d greater ADG compared with the reciprocal crossbreds. Gregory et al. (1991) found that BWT, WWT, and ADG were 9 kg, 49 kg, and 200 g/d, respectively, greater in SIM than in GA calves. For BWT, the permanent maternal effect was fixed to 0 to reach convergence, which is in agreement with results from Swalve (1993) , where the optimal model for BWT was without the permanent maternal effect. The estimated heritabilities of 0.23 and 0.12 for BWT and WWT, respectively, are less than reported in the literature. In the present study, the additive genetic variance may have been reduced due to the low number of sires. Values of 0.16 to 0.51 and 0.10 to 0.36 for BWT and WWT, respectively, were estimated by Quaas et al. (1985) , Bertrand and Benyshek (1987) , Wright et al. (1987) , Trus and Wilton (1988) , Meyer (1993 Meyer ( , 1995 , Meyer et al. (1993) , Swalve (1993) , Bennett and Gregory (1996) , and Dodenhoff et al. (1999) .
Compared with earlier results (0.01 to 0.82), where most values were below 0.17 (Quaas et al., 1985; Bertrand and Benyshek, 1987; Swalve, 1993; Meyer, 1995; Eriksson et al., 2004) , the maternal effect for BWT of 0.18 is greater in this study. The additive genetic and maternal effects for BWT were more correlated in this study than in the study of Canter et al. (1988) . The maternal effect for WWT was within the reported range of estimates (Quaas et al., 1985; Meyer et al., 1993; Dodenhoff et al., 1999) , whereas the correlation between additive genetic and maternal effects was greater in the present study (Wright et al., 1987; Swalve, 1993; Canter et al., 1988; Dodenhoff et al., 1999) . In general, differences between results of this and previous studies may primarily be due to the small number of sires used in this study and the fact that these data are from only 1 farm. Initially, only 5 sires per breed were used, and some within herd replacement sires were included in later years. The small number of sires is also reflected in the increased SE of estimates, especially for correlations. Also, Swalve (1993) has shown in his study of Australian SIM cattle with 6 data sets, each with a Least squares means within breed with differing superscripts differ (P < 0.05).
small number of herds, large variability of parameter estimates among the data sets. For BWT, individual heterosis was 3.7%, whereas estimates for WWT and ADG were small. This was probably caused by the small genetic distance between the breeds. In the literature, individual heterosis for BWT, WWT, and ADG of 1.6 to 4.0%, 2.0 to 5.5%, and around 2.6%, respectively, is reported (Alenda et al., 1980a; Kress and Nelsen, 1988) . Maternal breed effects showed that SIM as a dam breed has an advantage for BWT, WWT, and ADG, reflecting their superior mothering ability due to their increased milk production. Direct comparisons of the estimates of crossbreeding parameters with the breeds used in this study are not available in the literature.
Heritabilities of production traits showed that the estimation of breeding values with the models described is possible for the traits used in this study. The special suitability of sires for crossbreeding remains to be considered. Despite the low relevance of the F 1 -crosses used, the results provide information about the extent of individual heterosis and maternal breed effects.
Based on results of this study, the use of a third breed as sire with GA × SIM crosses as dams would provide more information about the suitability of crossbreeding. Further studies should evaluate whether the use of special beef breeds (e.g., Limousin and Charolais), in conjunction with F 1 -crosses of GA and SIM, would improve the level of production. 
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